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Trainings / Koolitused

1. Innovation in renewable energy / Innovatsioon taastuvenergeetikas 
• Innovation in renewable energy. Solutions and challenges / Innovatsioon taastuvenergeetikas. Lahendused ja 

väljakutsed. Enn Lust (Tartu Ülikool)
• International Energy Agency as  an engine for energy innovation / Rahvusvaheline Energiaagentuur kui 

energiainnovatsiooni mootor. Peter Gornischeff (MKM esindaja IEA ja OECD juures)
• Energy sector and R&D financing / Energeetika T&A&I rahastamine. Maria Habicht (ETAG)
• Directions in solar energy sector / Päikeseenergia sektori suundumused. Andres Meesak (Eesti Päikeseenergia 

Assotsiatsioon)
• Road that produces electricity / Elektrit tootev tee. Malle Krunks (TTÜ)
• Innovation in wind energy / Innovatsioon tuuleenergeetikas. Tuuliki Kasonen (Eesti Tuuleenergia 

Assotsiatsioon)
• Development of small wind mills in Estonia and global scale / Väiketuulikute areng Eestis ja maailmas. Sergei 

Melentjev (Tuge Energia)
• Overview of efficient fuel bio-additives / Efektiivsetest bio-kütuselisanditest. Raul Raudsepp (TLÜ, 

NordBioChem)
• Developments in hydrogen energy / Arengutest vesinikuenergeetikas. Enn Lust (Tartu Ülikool)
• Perspectives for biomethane / Biometaani tulevikuväljavaated. Ahto Oja (Eesti biogaasi assotsiatsioon)
• Innovation in district heating / Innovatsioon kaugküttes. Priit Koit (Utilitas AS)
• Tartu district cooling / Tartu kaugjahutus. Margo Külaots (Fortum Tartu)
• Estonia as a pilot country for digital energy / Eesti digitaalse energia pilootriigina ​. Georg Rute (Elering)



Innovatsioon 
taastuvenergeetikas.

Lahendused ja väljakutsed

Enn Lust
enn.lust@ut.ee

Tartu Ülikool
Keemia Instituut

Füüsikalise keemia ja Rakenduselektrokeemia
õppetoolid

Ettekanne: TEUK XIX  (2.11.2017)



http://www.oecdobserver.org/images/2081.photo.jpg



Energia tootmise kasv maailmas ja 
erinevate energiaallikate osakaal



https://www.eia.gov/todayinenergy/detail.php?id=26212

U.S. Energy Information Administration projects 48% increase 
in world energy consumption by 2040



https://en.wikipedia.org/wiki/List_of_countries_by_energy_consumption_per_capita



http://www.eia.gov/forecasts/ieo/



Kasvuhoonegaaside tootmine maailmas



http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Final_energy_consumption,_EU-
28,_2015_(%25_of_total,_based_on_tonnes_of_oil_equivalent)_YB17.png



http://ib.bioninja.com.au/standard-level/topic-4-ecology/44-climate-change/greenhouse-
gases.html



https://et.wikipedia.org/wiki/Kasvuhoonegaasid#/media/File:15-233-Earth-GlobalAirQuality-2014NitrogenDioxideLevels-
20151214.jpg



http://www.carbonbrief.org/how-much-of-chinas-carbon-dioxide-emissions-is-the-rest-of-the-world-responsible-for



http://www.carbonbrief.org/how-much-of-chinas-carbon-dioxide-emissions-is-the-rest-of-the-world-responsible-for



http://eur-lex.europa.eu/legal-content/ET/TXT/?uri=CELEX%3A52015DC0576



Euroopa iga liikmesriik peab 2030. aastaks vähendama süsinikukogust
vastavalt suhtelisele jõukusele (võrreldes 2005. aasta emissiooniga

http://www.err.ee/638486/raskelt-sundinud-kliimalepped-euroopa-puuab-rohkem-siduda-ja-
vahem-heita



Euroopa Ülemkogu otsus: 
EL aastal 2020

• Vähendada energia tarbimist 20%
• Vähendada kasvuhoonegaaside emissiooni 20%
• Taastuvenergiast toota 20% energiast
• Teise põlvkonna biokütuseid toota 10%



HYDROGEN

Hydrogen refuelling stations (Germany, 
Denmark, Italy, UK, Spain, Estonia)

Hydrogen vehicles

Standardization as a main problem

14 member states initiative

Hydrogen from wind farms, solar systems, etc.

EU CLEAN FUEL 
STRATEGY (2020/2025)
ELECTRICITY

Recharging points connected into 
networks (Germany, France, 
Netherland, UK, Spain, Estonia)

"Type 2" plug as the common 
standard for the whole of Europe 

USA – 60 million cars

China - ~6 million cars as well

BIOFUELS

nearly 5% of the market

A key challenge – sustainability

Mainly blended fuels

No specific infrastructure is 
needed

LNG

For waterborne 
transport and tracks

Infrastructure in 
early stage

38 filling stations 
(2012)

In 2020, 139 
refuelling stations are 
installed every 400 
km along the roads

CNG

2012: One million 
vehicles currently 
use this fuel 
representing 0.5% of 
the fleet 

The aims to 
increase this figure 
ten-fold by 2020 

refuelling points 
with maximum 
distances of 150 km 
by 2020

NATURAL GAS

http://ec.europa.eu/commission_2010-2014/kallas/headlines/news/2013/01/clean-fuel-strategy_en.htm



Elektrienergia osakaal taastuvatest allikatest 2013. 
aastal (% elektrienergia kogutarbimisest)



https://wattsupwiththat.com/2012/12/10/a-lol-press-release-on-renewable-energy-from-wishful-thinkers-at-the-
university-of-delaware/





Hübriidelektrijaam/süsteemi põhimõtteline skeem



https://ec.europa.eu/energy/sites/ener/files/documents/swd2017_61_document_travail_service_part1_v6.pdf



https://ec.europa.eu/energy/sites/ener/files/documents/swd2017_61_document_travail_service_part1_v6.pdf



https://ec.europa.eu/energy/sites/ener/files/documents/swd2017_61_document_travail_service_part1_v6.pdf



http://www.hybridcars.com/the-world-just-bought-its-two-millionth-plug-in-car/



https://en.wikipedia.org/wiki/Electric_car#/media/File:BEV_EPA_range_comparison_2016-2017_MY_US.png



Lithium-ion and Na-ion batteries 

Discharge

Charge

Cathode (LiMexOy) 

LiCoO2 -utilized for commercial batteries

LiNiO2, LiMn2O4-prospective

Anode (CLix) 

Cathode:

LiMeO2 - xe- Li1-xMeO2 + 
xLi+

Anode:

C + xLi+ + xe- CLix

CHARGE

DISCHARGE

CHARGE

DISCHARGE

Separator

Aluminum can

Positive terminal

Negative terminal

Li+-ioon-patareid
Îväga palju erinevaid 
modifikatsioone
Î limiteeriv staadium on Li+
interkaleerumine (tungimine)
grafiidikihtide vahele



https://www.iea.org/publications/freepublications/publication/GlobalEVOutlook2017.pdf



The Future of Electric Charging Stations Projected in 4 Simple Maps

OCTOBER 18, 2017

https://energy.gov/eere/articles/future-electric-charging-stations-projected-4-simple-maps

Next stage: 96 to 239 fast-charging stations depending on station spacing



Optimaalne ja mõõdukas elektrivõrgu laienduse kava Euroopas. 



https://www.eea.europa.eu/data-and-maps/indicators/proportion-of-vehicle-fleet-meeting-4/assessment-1





Diagram of co-electrolysis of CO2
and H2O in a solid oxide cell, as 
part of a renewable fuel cycle: 
Contract with Elering AS-
Synthesis of more expensive
chemicals:

C. Graves et al. / Solid State 
Ionics 192 (2011) 398–403.



Fischer-Tropsch süntees hõlmab kõikvõimalikke katalüütilisi kütuste sünteesimise protsesse. WGS – (water-gas shift) 
vesi-gaasi reaktsioon, RWGS – (reverse water-gas shift) pöördvesi-gaasi reaktsioon.

Veest ja CO2-st kütuste tootmise võimalikud teed





https://cdn4.explainthatstuff.com/wind-power-capacity-watts-per-capita.png

https://www.stat.ee/pressiteade-2017-
094?highlight=tuuleenergia

2016. aastal Eestis 4,9% koguenergiast tuuleenergia,
589 GWh, st installeeritud võimsus 124 W inimese kohta



http://ec.europa.eu/eurostat/en/web/products-press-releases/-/8-14032017-BP



Väikesed 
seadmed 

(süsteemid)Väiketarbijad

Suurtarbijad

Ülekandevõrk
Jaotusvõrk

Lokaalne hajutatud 
elektri tootmine

Soojuse (külma) salvestamine, „targad seadmed“, jne.

Elektrienergia salvestamine.

Elektri tootmise 
süsteemid (tuuma, 

söe, jne…)

Tsentraliseeritud riikidevahelised (EL)
taastuvenergia projektid

Elektri ja soojuse genereerimis- ning 
salvestussüsteemide hierarhiline jaotus



(274 in total in 2016)

https://fuelcellsworks.com/news/92-new-hydrogen-refuelling-stations-worldwide-in-2016



http://heshydrogen.com/hydrogen-fuel-cost-vs-gasoline/



http://www.ev-volumes.com/



https://energy.gov/sites/prod/files/2016/10/f3
3/fcto_2015_market_report.pdf



Coloured columns show Member States’ performance in 2016, using the most recent data for 27 
indicators, relative to that of the EU in 2010. The horizontal hyphens show performance in 2015, 
using the next most recent data for 27 indicators, relative to that of the EU in 2010. Grey 
columns show Member States’ performance in 2010 relative to that of the EU in 2010. For all 
years the same measurement methodology has been used. The dashed lines show the threshold 
values between the performance groups in 2016, comparing Member States’ performance in 
2016 relative to that of the EU in 2016.

European Innovation Scoreboard 2017 (http://ec.europa.eu/DocsRoom/documents/24829)



http://energypost.eu/how-to-calculate-revenues-of-solar-and-wind-power-when-the-subsidies-stop/



https://energy.gov/sites/prod/files/DOE_CMS_2011_Summary.pdf



M. Frenzel et al., J. Phys. D: Appl. Phys. 50 (2017) 123002



https://c1cleantechnicacom-wpengine.netdna-ssl.com/files/2017/08/100-renewable-energy-
139-countries.png

100% renewable energy for 139 nations detailed in Stanford report



Tänan tähelepanu eest!
Tänuavaldused !

This work was supported by the
Estonian target research project
IUT20-13, the Estonian Centre of
Excellence in Science Project TK117T
"High-technology Materials for
Sustainable Development", the
Estonian Energy Technology Program
project SLOKT10209T, the Materials
Technology project SLOKT12180T.



Võimalikud tehnoloogiad energia (elektri) salvestamiseks.



S.D. Vora et al., ECS Trans. 78 (2017) 3-19



https://ec.europa.eu/energy/sites/ener/files/documents/swd2017_61_document_travail_service_part1_v6.pdf



https://ec.europa.eu/energy/sites/ener/files/documents/swd2017_61_document_travail_service_part1_v6.pdf



2007 - Honda FCX Clarity - hydrogen fuel cell
2014 - Hyundai ix35 FCEV [2]

2015 - Toyota Mirai - production version of the FCV concept car

Fuel cell cars in production

https://en.wikipedia.org/wiki/List_of_fuel_cell_vehicles



S.D. Vora et al., ECS Trans. 78 (2017) 3-19
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Peegelväljad päikeseenergia kogumiseks

Kõrgtemperatuursed 
protsessid

Vee kuumutamine



J. Johnson, C&EN, October 20, 2008, p. 40; Arisoona kõrbes,üldpindala 



Concentrating solar power: its potential contribution to a sustainable energy future, EASAC policity report. 16, Nov. 2011, p. 
35



Scheme of The Centre of 
Excellence
„Advanced materials 
and high-technology 
devices for energy 
recuperation systems“
PI Enn Lust





https://i.unu.edu/media/ourworld.unu.edu-en/article/786/breakdown-watts.gif



http://www.akbizmag.com/Alaska-Business-Monthly/May-2012/Global-generation-capacity-for-nuclear-power-has-grown-
to-over-346-gigawatts-since-1955/
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^

�
�ŝŽͲ��^�ĂŶĚ�ĨŽƌĞƐƚƌǇ�;:ƵƐƐŝD

ĂŶŶŝŶĞŶ͕�sddͿ͘
�
/ůŵ

Ă�ĂŶƚƵĚ�ŬƺƐŝŵ
ƵƐĞ�ůĂŚĞŶĚĂŵ

ŝƐĞƚĂ�Ğŝ�ƐĂĂǀƵƚĂ�
ďŝŽĞŶĞƌŐŝĂŐĂ��K

WϮϭ
ĞĞƐŵ

ćƌŬĞ͊

�ŝŽŵ
ĂƐƐ�ƐƵƉƉůǇ�ĐŚĂŝŶƐ�ĂŶĚ�ƐƵƐƚĂŝŶĂďŝůŝƚǇ

�
h
ƵƌŝǀĂĚ͕�ŵ

ŝůůŝŶĞ�ƉĞĂŬƐ�ŽůĞŵ
Ă�ŽƉƚŝŵ

ĂĂůƐĞŝŵ
�Ŷ͘Ƃ�

ƐĞƚƚůĞŵ
ĞŶƚ͘

�
ZŽŚŬĞŵ

�ŝŶĨŽƚ͗ǁ
ǁ
ǁ
͘/ŐŶ͘ŬƵ͘ĚŬͬďŝŽĞŶĞƌŐǇͲĐŽŶĨͲ

ĂŽϭϴͬ



�ŶĞƌŐŝĂ�ǀĂůĚŬŽŶŶĂ�d�Θ/�ƌĂŚĂƐƚĂŵŝŶĞ
ϮϬϭϴͲϮϬϮϬ�ƚƂƂƉƌŽŐƌĂŵŵŝƐ

DĂƌŝ�,ĂďŝĐŚƚ
�ĞƐƚŝ�dĞĂĚƵƐĂŐĞŶƚƵƵƌ

d�h<�dĂƌƚƵƐ�Ϯ͘ϭϭ͘ϮϬϭϳ



,ŽƌŝƐŽŶƚ�ϮϬϮϬ�ƐƚƌƵŬƚƵƵƌ

dŝƉƉƚĂƐĞŵĞů�ƚĞĂĚƵƐ
� �ƵƌŽŽƉĂ�dĞĂĚƵƐŶƁƵŬŽŐƵ�

;�Z�Ϳ
� dƵůĞǀĂƐĞĚ ũĂ�

ŬƵũƵŶĞŵŝƐũćƌŐƵƐ
ƚĞŚŶŽůŽŽŐŝĂĚ

� DĂƌŝĞ�^ŬůĂĚŽǁƐŬĂͲ�ƵƌŝĞ�
ŶŝŵĞůŝƐĞĚ ŵĞĞƚŵĞĚ

� dĞĂĚƵƐƚĂƌŝƐƚƵ

:ƵŚƚƉŽƐŝƚƐŝŽŽŶ�ƚƂƂƐƚƵƐĞƐ
� /<d
� EĂŶŽƚĞŚŶŽůŽŽŐŝĂ
� DĂƚĞƌũĂůŝƚĞŚŶŽůŽŽŐŝĂ
� �ŝŽƚĞŚŶŽůŽŽŐŝĂ
� �ƌĞŶĞŶƵĚ ƚŽŽƚŵŝƐͲ ũĂ�

ƚƂƂƚůĞŵŝƐƚĞŚŶŽůŽŽŐŝĂ
� <ŽƐŵŽƐĞƚĞŚŶŽůŽŽŐŝĂ
� ZŝƐŬŝŬĂƉŝƚĂůŝ�ŬćƚƚĞƐĂĂĚĂǀƵƐĞ�

ƚĂŐĂŵŝŶĞ
� /ŶŶŽǀĂƚƐŝŽŽŶ�s<�ĞĚĞƐ

mŚŝƐŬŽŶŶĂƉƌŽďůĞĞŵŝĚ
� dĞƌǀŝƐŚŽŝĚ�ũĂ�ŚĞĂŽůƵ
� dŽŝĚƵŐĂ�ŬŝŶĚůƵƐƚĂƚƵƐ͕�

ƐććƐƚĞǀ�ƉƁůůƵŵĂũĂŶĚƵƐ͕�
ŵĞƌĞͲ ũĂ�
ŵĞƌĞŶĚƵƐƵƵƌŝŶŐƵĚ�ŶŝŶŐ�
ďŝŽŵĂũĂŶĚƵƐ

� �ŶĞƌŐŝĂ
� dƌĂŶƐƉŽƌƚ
� <ůŝŝŵĂŵĞĞƚŵĞĚ
� mŚŝƐŬŽŶĚ
� dƵƌǀĂůŝƐƵƐ

>ĂŝĞŶĞŵŝŶĞ͘�dĞĂĚƵƐ�ũĂ�ƺŚŝƐŬŽŶĚ͘�^ŽƚƐŝĂĂůͲ ũĂ�ŚƵŵĂŶŝƚĂĂƌƚĞĂĚƵƐĞĚ͘�/<d

�ƵƌŽŽƉĂ�
/ŶŶŽǀĂƚƐŝŽŽŶŝŝŶƐƚŝƚƵƵƚ�;�/dͿ �hZ�dKD �ƵƌŽŽƉĂ�mŚŝƐƵƵƌŝŶŐƵƚĞ�

ŬĞƐŬƵƐ�;:Z�Ϳ



KůƵůŝƐĞĚ�ƚĞĞŵĂĚ͗�

¾ �ŶĞƌŐŝĂƚĂƌďŝŵŝƐĞ�ũĂ��KЇ�ũĂůĂũćůũĞ�ǀćŚĞŶĚĂŵŝŶĞ�ĂƌƵŬĂ�ũĂ�ƐććƐƚǀĂ�
ŬĂƐƵƚĂŵŝƐĞ�Ăďŝů͖�

¾ sĂƌƵƐƚĂŵŝŶĞ�ŽĚĂǀĂ͕�ǀćŚĞƐĞ��KЇ�ŚĞŝƚĞŐĂ�ƚŽŽĚĞƚƵĚ�ĞůĞŬƚƌŝŐĂ͖�
¾ �ůƚĞƌŶĂƚŝŝǀƐĞĚ�ŬƺƚƵƐĞĚ�ũĂ�ŵŽďŝŝůƐĞĚ�ĞŶĞƌŐŝĂĂůůŝŬĂĚ͖�
¾ mŚƚŶĞ�ĂƌƵŬĂƐ��ƵƌŽŽƉĂ�ĞůĞŬƚƌŝǀƁƌŬ͖
¾ hƵĞĚ�ƚĞĂĚŵŝƐĞĚ�ũĂ�ƵƵƐ�ƚĞŚŶŽůŽŽŐŝĂ͖
¾ WƁŚũĞŶĚĂƚƵĚ�ŽƚƐƵƐƚĂŵŝŶĞ�ũĂ�ƺůĚƐƵƐĞ�ŬĂĂƐĂŵŝŶĞ͖�
¾ �ŶĞƌŐŝĂƵƵĞŶĚƵƐƚĞ�ƚƵƌƵůĞƚŽŽŵŝŶĞ
¾ �ŶĞƌŐŝĂũƵůŐĞŽůĞŬ�ũĂ�ƚĂƌŶĞŬŝŶĚůƵƐ
¾ dĂĂƐŬĂƐƵƚƵƐ͕�ŬŽƌĚƵǀŬĂƐƵƚƵƐ͕�ũććƚŵĞƚĞ�ƌŝŶŐůƵƐƐĞ�ƚŽŽŵŝŶĞ



ŚƚƚƉ͗ͬͬĞĐ͘ĞƵƌŽƉĂ͘ĞƵͬƌĞƐĞĂƌĐŚͬƉĂƌƚŝĐŝƉĂŶƚƐͬƉŽƌƚĂůͬĚĞƐŬƚŽƉͬĞŶͬŚŽŵĞ͘Śƚŵů

ǼǼ

ϵ�ƚĞĞŵĂƚ�ĂǀĂŶĞƐŝĚ�ϯϭ͘�ŽŬƚŽŽďƌŝů�ϮϬϭϳ
ϲϴ�ƚĞĞŵĂƚ�ĂǀĂƚĂŬƐĞ�ϮϬϭϴ͘�ũĂ�ϮϬϭϵ͘�ĂĂƐƚĂ�ũŽŽŬƐƵů�

ǼǼ



<ĂŚĞŬƐĂ�ŬŽŶŬƵƌƐƐŝ
ϭ͘ �ŶĞƌŐŝĂƚƁŚƵƐƵƐ�ʹ ��
Ϯ͘ 'ůŽďĂĂůŶĞ�ũƵŚƚƌŽůů�ƚĂĂƐƚƵǀĞŶĞƌŐŝĂ�ĂůĂů�ʹ Z�^
ϯ͘ EƵƚŝŬĂƐ�ũĂ�ƉƵŚĂƐ�ĞŶĞƌŐŝĂ�ƚĂƌďŝũĂƚĞůĞ�Ͳ ��
ϰ͘ EƵƚŝŬĂĚ�ƚĂƌďŝũĂŬĞƐŬƐĞĚ�ĞŶĞƌŐŝĂƐƺƐƚĞĞŵŝĚ�Ͳ �^
ϱ͘ dĂƌŐĂĚ�ůŝŶŶĂĚ�ũĂ�ŬŽŐƵŬŽŶŶĂĚ�Ͳ ^��
ϲ͘ >ŝŐŝͲŶƵůů�ƚĂƐĞŵĞ��KϮ ŚĞŝƚĞ�ƐĂĂǀƵƚĂŵŝŶĞ�ĨŽƐƐŝŝůƐĞŝĚ�

ŬƺƚƵƐĞŝĚ�ŬĂƐƵƚĂǀĂƚĞƐ�ũƁƵũĂĂŵĂĚĞƐ�ũĂ�ƐĂĂƐƚĂǀĂƚĞƐ�
ƚƂƂƐƚƵƐĞƚƚĞǀƁƚĞƚĞƐ�Ͳ E��

ϳ͘ mŚŝƐĂůŐĂƚƵƐĞĚ�ʹ :�
ϴ͘ sĂůĚŬŽŶĚĂĚĞǀĂŚĞůŝƐĞĚ�ƚĞĞŵĂĚ�ʹ ��
DƵƵĚ�ƚĞŐĞǀƵƐĞĚ�ʹ ŚĂŶŬĞĚ͕�ĂƵŚŝŶŶĂĚ͕�ŐƌĂŶĚŝĚ



>ćŚƚĞƉƵŶŬƚ͗

¾ DŝƐ�ŽŶ�ŵŝŶƵ�ƚƵŐĞǀƵƐͬŬŽŶŬƵƌĞŶƚƐŝĞĞůŝƐ͍
¾ DŝƐ�ŵƵů�ƉĂŬŬƵĚĂ�ŽŶ͍
¾ DŝĚĂ�ŵĂ�ǀĂũĂŶ͍
¾ <ĂƐ�ŵĂ�ŽůĞŶ�ŚƵǀŝƚĂƚƵĚ�ƌĂŚǀƵƐǀĂŚĞůŝƐĞƐƚ�ŬŽŽƐƚƂƂƐƚ͍
¾ <ĂƐ�ŵƵů�ŽŶ�ƐĞůůĞŬƐ�ĂũĂͲ ũĂ�ŝŶŝŵƌĞƐƐƵƌƐƐŝ͍
¾ DŝůůŝŶĞ�ŽŶ�ŵŝŶƵ�ƚĞĂĚƵƐͲͬĂƌĞŶĚƵƐǀƁŝŵĞŬƵƐ͍
¾ DŝůůŝƐƚ�ƌŽůůŝ�ŵĂ�ĞŶĚĂůĞ�ƉƌŽũĞŬƚŝƐ�ŶćĞŶ͗

9 WƌŽũĞŬƚŝ�ĂůŐĂƚĂũĂͬŬŽŽƌĚŝŶĂĂƚŽƌ

9 sĂƐƚƵƚĂǀĂ�ƌŽůůŝŐĂ�ƉĂƌƚŶĞƌ

9 <ŽŶŬƌĞĞƚƐĞƚĞ�ƺůĞƐĂŶŶĞƚĞŐĂ�ƉĂƌƚŶĞƌ

9 �ůůŚĂŶŬĞ�ƉĂŬŬƵũĂ



sƁŝŵĂůŝŬƵĚ�ƉƌŽũĞŬƚŝĚ�;ϭͿ͗�

¾ �ŶĞƌŐŝĂƚƁŚƵƐƵƐĞ�ŵĞĞƚŵĞĚ ŚŽŽŶĞƚĞƐ�
¾ �ŚŝƚƵƐƐĞŬƚŽƌŝ�ĂƌĞŶĚĂŵŝŶĞ
¾ �ŶĞƌŐŝĂƚĂƌďŝŵŝƐĞ�ũƵŚƚŝŵŝŶĞ�ũĂ�ƚƂƂ�ƚĂƌďŝũĂƚĞŐĂ
¾ dĂĂƐƚƵǀĞŶĞƌŐŝĂ�ƚĞŚŶŽůŽŽŐŝĂĚ�ŬĂƵŐŬƺƚƚĞ�ũĂ�ͲũĂŚƵƚƵƐƐƺƐƚĞĞŵŝĚĞƐ
¾ hƵĞ�ƉƁůǀŬŽŶŶĂ�ƚĂĂƐƚƵǀĞŶĞƌŐŝĂ�ƚĞŚŶŽůŽŽŐŝĂĚ
¾ �ƌĞŶĚƵƐƚĞ�ƚƵƌƵůĞũƁƵĚŵŝƐĞ�ŬŝŝƌĞŶĚĂŵŝŶĞ
¾ hƵĚƐĞĚ�ƚƵƵůĞͲ ũĂ�ƉćŝŬĞƐĞĞŶĞƌŐŝĂ�ůĂŚĞŶĚƵƐĞĚ
¾ �ůĂŵƵƚĞƐƐĞ�ũĂ�ƚƂƂƐƚƵƐŚŽŽŶĞƚĞƐƐĞ�ŝŶƚĞŐƌĞĞƌŝƚĂǀĂĚ�ůĂŚĞŶĚƵƐĞĚ
¾ �ƌŝŶĞǀĂĚ�ůĂŚĞŶĚƵƐĞĚ�ĞŶĞƌŐŝĂƚŽŽƚŵŝƐĞ�ŽŵĂŚŝŶŶĂ�ĂůĂŶĚĂŵŝƐĞŬƐ
¾ sĂůĚŬŽŶĚůŝŬƵ�ƚƂƂƐƚƵƐĞ�ŬŽŶŬƵƌĞŶƚƐŝǀƁŝŵĞ�ƐƵƵƌĞŶĚĂŵŝŶĞ



sƁŝŵĂůŝŬƵĚ�ƉƌŽũĞŬƚŝĚ�;ϮͿ͗�

¾ �ƌŝŶĞǀĂĚ�ƚĞĞŵĂĚ�Ŷŝŝ�ƺůĞŬĂŶĚĞͲ ŬƵŝ�ũĂŽƚƵƐǀƁƌŐƵ�ŽƉĞƌĂĂƚŽƌŝƚĞůĞ
¾ �ŶĞƌŐŝĂƐƺƐƚĞĞŵŝ�ƉĂŝĚůŝŬŬƵƐĞ�ƐƵƵƌĞŶĚĂŵŝŶĞ�ũĂ�

ŬĞƐŬŬŽŶŶĂŵƁũƵĚĞ�ǀćŚĞŶĚĂŵŝŶĞ
¾ �ƌŝŶĞǀĂƚĞ�ƚĞĞŶƵƐƚĞ�ĂƌĞŶĚĂŵŝŶĞ
¾ hƵĞ�ƉƁůǀŬŽŶŶĂ�ďŝŽŬƺƚƵƐƚĞ�ũĂ�ĂůƚĞƌŶĂƚŝŝǀƐĞƚĞ�ŬƺƚƵƐƚĞ�

ĂƌĞŶĚĂŵŝŶĞ�ĞƌŝŶĞǀĂƚĞ�ƚƌĂŶƐƉŽƌĚŝůŝŝŬŝĚĞ�ũĂŽŬƐ
¾ &ŽƐƐŝŝůƐĞƚĞů�ŬƺƚƵƐƚĞů�ƚƂƂƚĂǀĂƚĞ�ũƁƵũĂĂŵĂĚĞ�ũĂ�ƐĂĂƐƚĂǀĂƚĞ�

ĞƚƚĞǀƁƚĞƚĞ�ŬĞƐŬŬŽŶŶĂŵƁũƵĚĞ�ǀćŚĞŶĚĂŵŝŶĞ͕�ĞƌŝŶĞǀĂĚ�ƐƺƐŝŶŝŬƵ�
ƐŝĚƵŵŝƐĞ�ũĂ�ƐĂůǀĞƐƚĂŵŝƐĞ�ƚĞŚŶŽůŽŽŐŝĂĚ

¾ KƐĂůĞŵŝŶĞ��ƵƌŽŽƉĂ�<ŽŵŝƐũŽŶŝ�ƉŽŽůƚ�ŬŽƌƌĂůĚĂƚĂǀĂƚĞƐ�
;ŝŶŶŽǀĂƚƐŝŽŽŶŝͿŚĂŶŐĞƚĞƐ



KůƵůŝŶĞ�ŵƵƵƚƵƐ�ϮϬϭϴͲϮϬϮϬ ƚƂƂƉƌŽŐƌĂŵŵŝƐ͗�
&ŽŽŬƵƐǀĂůĚŬŽŶŶĂĚ ʹ ŚƁůŵĂǀĂĚ�ŬƁŝŬŝ�ŚŽƌŝƐŽŶĚŝ�
ǀĂůĚŬŽŶĚŝ͗
¾DĂĚĂůĂ�ƐƺƐŝŶŝŬĚŝŽŬƐŝŝĚŝ�ŚĞŝƚĞŐĂ͕�ŬůŝŝŵĂŵƵƵƚƵƐƚĞůĞ�
ǀĂƐƚƵƉŝĚĂǀĂ�ƚƵůĞǀŝŬƵ�ĞŚŝƚĂŵŝŶĞ
¾�ƵƌŽŽƉĂ�ƚƂƂƐƚƵƐĞ�ũĂ�ƚĞĞŶƵƐƚĞ�ĚŝŐŝƚĞĞƌŝŵŝŶĞ�ŶŝŶŐ�

ƺŵďĞƌŬƵũƵŶĚĂŵŝŶĞ

¾DĂũĂŶĚƵƐůŝŬƵ ũĂ�ŬĞƐŬŬŽŶŶĂĂůĂƐĞ�ŬĂƐƵ�ƺŚĞŶĚĂŵŝŶĞ�Ͳ
ƌŝŶŐŵĂũĂŶĚƵƐ

¾ :ƵůŐĞŽůĞŬƵůŝŝĚƵ�ŵƁũƵ�ƐƵƵƌĞŶĚĂŵŝŶĞ

,ϮϬϮϬͲ tW�ϮϬϭϴͲϮϬϮϬ�ʹ EĞǁ�ĞůĞŵĞŶƚƐ



Ύ�mŚĞͲ͕�ŬĂŚĞͲ ũĂ�ŬŽůŵĞĂĂƐƚĂƐĞĚ�ƚĞĞŵĂĚ

Ύ��ĞƚĂŝůŶĞ�ŬŝƌũĞůĚƵƐ�ũĂ�ĞĞůĂƌǀĞ�ŬĂŚĞ���
ĞƐŝŵĞƐĞ�ĂĂƐƚĂ�ƚĞĞŵĂĚĞůĞ

Ύ��ŶŶĞ�ϮϬϮϬ͘�ĂĂƐƚĂ�ŬŽŶŬƵƌƐƐĞ�ǀĂĂĚĂƚĂŬƐĞ�
ƚƂƂƉƌŽŐƌĂŵŵ�ƺůĞ�ũĂ�ƚćŝĞŶĚĂƚĂŬƐĞ�ǀĂƐƚĂǀĂůƚ�
ĞĞůŵŝƐƚĞ�ĂĂƐƚĂƚĞ�ƚƵůĞŵƵƐƚĞůĞ



�ǀĂŵŝŶĞ dĞĞŵĂĚ dćŚƚĂĞŐ

ϯϭ͘ϭϬ͘ϮϬϭϳ

x dĞĂĚƵƐƚĞŐĞǀƵƐĞ�ƺŚŝƐĞ�ŬĂǀĂŶĚĂŵŝƐĞ�ĞƚƚĞǀĂůŵŝƐƚĂŵŝŶĞ

x dĂĂƐƚƵǀĞŶĞƌŐŝĂ�ƚĞŚŶŽůŽŽŐŝĂƚĞ�ŚŝŶŶĂ�ĂůĂŶĚĂŵŝŶĞ�ũĂ�
ĞĨĞŬƚŝŝǀƐƵƐĞ�ƚƁƐƚŵŝŶĞ�;ϮͲĂƐƚŵĞůŝŶĞ͕�ƚćŝƐƚĂŽƚůƵƐ�Ϯϯ͘Ϭϴ͘ϮϬϭϴͿ

x ,ŽŽŶĞƚĞƐƐĞ�ŝŶƚĞŐƌĞĞƌŝƚĂǀĂĚ�ƚĂĂƐƚƵǀĞŶĞƌŐŝĂ�ƐƺƐƚĞĞŵŝĚ

ϯϭ͘Ϭϭ͘ϮϬϭϴ

x dƁŚƵƐĂĚ�ƚĂĂƐƚƵǀĞŶĞƌŐŝĂ�ƚĞŚŶŽůŽŽŐŝĂĚ�ŬŽŽƐƚŽŽƚŵŝƐĞƐ

x dĂĂƐƚƵǀĂƚĞƐƚ�ĞŶĞƌŐŝĂĂůůŝŬĂƚĞƐƚ�ĞůĞŬƚƌŝ�ƚŽŽƚŵŝƐĞ�ŚŝŶŶĂ�
ŽůƵůŝŶĞ�ĂůĂŶĚĂŵŝŶĞ

x hƵĞ�ƉƁůǀŬŽŶŶĂ�ďŝŽŬƺƚƵƐĞĚ�ũĂ�ĂůƚĞƌŶĂƚŝŝǀƐĞƚĞ�ŬƺƚƵƐƚĞ�
ƚĞŚŶŽůŽŽŐŝĂĚĞ�ĂƌĞŶĚĂŵŝŶĞ�ŵĂĂŶƚĞĞƚƌĂŶƐƉŽƌĚŝ�ũĂŽŬƐ

x hƵƚĞ�ůĂŚĞŶĚƵƐƚĞ�ƚƵƌƵůĞũƁƵĚŵŝƐĞ�ƚŽĞƚĂŵŝŶĞ

x dƁŚƵƐĂŵĂĚ�ƚĞŚŶŽůŽŽŐŝĂĚ�ŬŽŚĂůŝŬĞƐ�ŬƺƚƚĞͲ ũĂ�
ũĂŚƵƚƵƐůĂŚĞŶĚƵƐƚĞƐ

x sƁŝŵĂůƵƐĞĚ�ŚŽŽŶĞƚĞƐƐĞ�ŝŶƚĞŐƌĞĞƌŝƚƵĚ�Ws�ůĂŚĞŶĚƵƐƚĞ�
ŽůƵůŝƐĞŬƐ��ŚŝŶŶĂ�ĂůĂŶĚĂŵŝƐĞŬƐ

ϭϯ͘ϬϮ͘ϮϬϭϴ



ŚƚƚƉƐ͗ͬͬǁǁǁ͘ďϮŵĂƚĐŚ͘ĞƵͬĞŶĞƌŐǇĐĂůůϮϬϭϴ



ŚƚƚƉ͗ͬͬǁǁǁ͘ĐͲĞŶĞƌŐǇϮϬϮϬ͘ĞƵͬ



<ƺƐŝŵƵƐĞĚ�ũĂ�ĞƚƚĞƉĂŶĞŬƵĚ�ƐĂĂƚŬĞ�ƉĂůƵŶ͗

ŵĂƌŝĂ͘ŚĂďŝĐŚƚΛĞƚĂŐ͘ĞĞ

<ŝŝƌĞĚ�ŬƺƐŝŵƵƐĞĚ͗
ϱϭ�ϳϰ�Ϭϱϴ



Ehd/<�^
ƚŽŽď�ƚĞĂĚƵƐĞ�ĞƚƚĞǀƁƚƚĞ�ƚĞĞŶŝƐƚƵƐƐĞ



DŝĚĂ�ƉĂŬƵŵĞ͍
� ZĂŚĂůŝƐƚ�ƚƵŐĞ�ŽŵĂ�ŝĚĞĞ�ĞůůƵǀŝŝŵŝƐĞŬƐ�ƚĞĂĚŵŝƐƚĞ͕�ŽƐŬƵƐƚĞ�ũĂ�

ƐĞĂĚŵĞƚĞ�Ăďŝů͕�ŵŝĚĂ�ĞƚƚĞǀƁƚƚĞů�Ğŝ�ŽůĞ͕�ĂŐĂ�ŵŝƐ�ŽŶ�ŽůĞŵĂƐ�
ƚĞĂĚƵƐĂƐƵƚƵƐƚĞƐ͘

� �ĞůĚƵƐĞŬƐ�ŽŶ�ƉƌŽũĞŬƚŝ�ƐŽďŝƚƵǀƵƐ�ŬĂƐǀƵǀĂůĚŬŽŶĚĂĚĞƐƐĞ͗�
ĞŶĞƌŐĞĞƚŝŬĂ�ƉƵŚƵů�/<d�ũĂͬǀƁŝ�ƌĞƐƐƵƌƐƐŝĚĞ�ĞĨĞŬƚŝŝǀƐĞŵ�
ŬĂƐƵƚĂŵŝŶĞ͘

� DĞĞƚŵĞ�ŬŽŐƵŵĂŚƚ͗�Ϯϲ͕ϱ�ŵŝůũ�ĞƵƌŽƚ͕�ƐĞůůĞƐƚ�ǀĂďƵ�ǀĂŚĞŶĚĞŝĚ�ĐĂ�
ϮϬ�ŵŝůũ�ĞƵƌŽƚ͘

� ^ĞŶŝ�ŽŶ�ƚŽĞƚĂƚƵĚ�Ϯϭ�ƉƌŽũĞŬƚŝ͕�ƚĂŽƚůƵƐƚĞ�ĞĚƵŬƵƐĞ�ŵććƌ�ϰϮй͘



DŝĚĂ�ƐŝůŵĂƐ�ƉŝĚĂĚĂ͍
� dŽĞƚƵƐƚ�ũĂŐĂď�^���ƌĐŚŝŵĞĚĞƐ ŬŽŽƐƚƂƂƐ��ĞƐƚŝ�

dĞĂĚƵƐĂŐĞŶƚƵƵƌŝŐĂ͖
� dĂŽƚůĞũĂ͗��ĞƐƚŝ�ćƌŝƌĞŐŝƐƚƌŝƐƐĞ�ŬĂŶƚƵĚ�ĞƚƚĞǀƁƚĞ͖
� dŽĞƚƵƐĞ�ƐƵƵƌƵƐ͗�ϮϬ�ϬϬϬ�ʹ Ϯ�ϬϬϬ�ϬϬϬ�ĞƵƌŽƚ�ƉƌŽũĞŬƚŝ�

ŬŽŚƚĂ͖
� dŽĞƚƵƐĞ�ŵććƌ͗�Ϯϱй�Ͳ ϳϬй�ƉƌŽũĞŬƚŝ�ŵĂŬƐƵŵƵƐĞƐƚ�

ƐƁůƚƵǀĂůƚ�ĞƚƚĞǀƁƚƚĞ�ƐƵƵƌƵƐĞƐƚ�ũĂ�ƉƌŽũĞŬƚŝ�ƚƺƺďŝƐƚ͖
� sćŚĞŵĂůƚ�ϴϬй�ƉƌŽũĞŬƚŝ�ŬƵůƵĚĞƐƚ�ƚĞĂĚƵƐĂƐƵƚƵƐĞůĞ͖
� <ƵŶŝ�ϮϬ�й�ƉƌŽũĞŬƚŝ�ŬƵůƵĚĞƐƚ�ĞƚƚĞǀƁƚƚĞůĞ͘



<ĞƐ�ŽŶ�ƚƵŐĞ�ƐĂĂŶƵĚ͍
� <ĞƌŽŐĞŶ Km

WƁůĞǀŬŝǀŝ�ǀććƌŝŶĚĂŵŝŶĞ͘
� �ƌǇƐƚĂůƐŽů Km

WćŝŬĞƐĞƉĂƚĂƌĞŝĚĞ�ƂŬŽŶŽŽŵƐĞŵĂŬƐ�ŵƵƵƚŵŝŶĞ͘
� ,ĞƉƚĂ 'ƌŽƵƉ �ŶĞƌŐǇ Km

OŚƵůŝŝŶŝĚĞ�ƁŚƵƐĞŝƌĞ�ƚćŝƵƐƚĂŵŝŶĞ͘
� <ƁŝŬ�ƚŽĞƚĂƚƵĚ�ƉƌŽũĞŬƚŝĚ



<ĞƐ�ƚŽĞƚĂď͍
dĞĂ�dĂƐƐĂ͕�^���ƌĐŚŝŵĞĚĞƐ͕�ŵĞĞƚŵĞŚŽŝĚũĂ
ƚĞĂ͘ƚĂƐƐĂΛĂƌĐŚŝŵĞĚĞƐ͘ĞĞ͕�ϳϯϬϬϯϵϲ

sŝŬƚŽƌ�DƵƵůŝ͕�^���ĞƐƚŝ�dĞĂĚƵƐĂŐĞŶƚƵƵƌ͕ �ǀĂůĚŬŽŶŶĂũƵŚƚ
ǀŝŬƚŽƌ͘ŵƵƵůŝΛĞƚĂŐ͘ĞĞ͕�ϳϯϬϬϯϮϱ

sĂĂƚĂ�ůŝƐĂ͗
� ǁǁǁ͘ĂƌĐŚŝŵĞĚĞƐ͘ĞĞͬŶƵƚŝŬĂƐ
� ǁǁǁ͘ĞƚĂŐ͘ĞĞͬŶƵƚŝŬĂƐ



WćŝŬĞƐĞĞŶĞƌŐĞĞƚŝŬĂ�ũĂ�ŝŶŶŽǀĂƚƐŝŽŽŶ

�ŶĚƌĞƐ�DĞĞƐĂŬ
�ĞƐƚŝ�WćŝŬĞƐĞĞůĞŬƚƌŝ��ƐƐŽƚƐŝĂƚƐŝŽŽŶ



,1129$76,221���

����RQ�SURWVHVV�PLV�W}OJLE�LGHH�Y}L�OHLXWLVH�NDVXOLNNX�WRRWHVVH�Y}L�
WHHQXVHVVH��PLV�ORRE�YllUWXVW�MD�PLOOH�HHVW�RQ�NOLHQGLG�Q}XV�
PDNVPD�

,QQRYDDWLOLQH�LGHH�SHDE�ROHPD�PDMDQGXVOLNXOW�WDVXYDOW�NRUUDWDY�
MD�SHDE�UDKXOGDPD�PLQJLW�VSHWVLLILOLVW�YDMDGXVW�

,QQRYDWVLRRQ K}OPDE WHDEH��NXMXWOXVY}LPH MD�LQLWVLDWLLYL
WDKWOLNNX UDNHQGDPLVW��HW�VDDGD UHVVXUVVLGHVW VXXUHPDLG Y}L
HULQHYDLG YllUWXVL��QLQJ VHH�K}OPDE N}LNL SURWVHVVH��PLOOH�DELO
XXVL LGHLG OXXDNVH MD�PXXGHWDNVH NDVXOLNHNV WRRGHWHNV



/ŶŶŽǀĂƚƐŝŽŽŶ�ŝƐĞĞŶĞƐĞƐƚ�Ğŝ�
ƚĞŬŝƚĂ�ƚƵƌŐƵ͊



WćŝŬĞƐĞĞŶĞƌŐŝĂ�ƌĂŬĞŶĚĂŵŝŶĞ�ŽŶ�ůƵŐƵ�ŝŶŶŽǀĂƚƐŝŽŽŶŝƐƚ

$OH[DQGUH�(GPRQG�%HFTXHUHO� &KDUOHV�(GJDU�)ULWWV $OEHUW�(LQVWHLQ



͞/͛Ě�ƉƵƚ�ŵǇ�ŵŽŶĞǇ�ŽŶ�ƚŚĞ�ƐƵŶ�ĂŶĚ�ƐŽůĂƌ�ĞŶĞƌŐǇ͘�tŚĂƚ�
Ă�ƐŽƵƌĐĞ�ŽĨ�ƉŽǁĞƌ͊�/�ŚŽƉĞ�ǁĞ�ĚŽŶ͛ƚ�ŚĂǀĞ�ƚŽ�ǁĂŝƚ�ƵŶƚŝů�
Žŝů�ĂŶĚ�ĐŽĂů�ƌƵŶ�ŽƵƚ�ďĞĨŽƌĞ�ǁĞ�ƚĂĐŬůĞ�ƚŚĂƚ͘͟ �

dŚŽŵĂƐ��͘��ĚŝƐŽŶ͕�ϭϵϯϭ



WćŝŬĞƐĞĞŶĞƌŐŝĂ�ƌĂŬĞŶĚĂŵŝŶĞ�ŽŶ�ůƵŐƵ�ŝŶŶŽǀĂƚƐŝŽŽŶŝƐƚ

ϭϵϱϰ��Ğůů�>ĂďƐ ϭϵϱϴ�E�^��sĂŶŐƵĂƌĚ�ϭ ϭϵϲϯ�^ŚĂƌƉ�ϮϰϮt�WsͲũĂĂŵ

ϭϵϲϲ�ϭŬt�ũĂĂŵ�E�^�� ϴϬͲĚĂĚ�ůĂŝĂƚĂƌďĞ�ǀćŝŬĞƐĞĂĚŵĞĚ



WćŝŬĞƐĞĞŶĞƌŐŝĂ�ƌĂŬĞŶĚĂŵŝŶĞ�ŽŶ�ůƵŐƵ�ŝŶŶŽǀĂƚƐŝŽŽŶŝƐƚ



� <ŽŐƵŬŽŶĚůŝŬ�ũĂ�ƺŚŝƐƚƵůŝŶĞ�
ƚŽŽƚŵŝŶĞ

� ƺŚŝƐƌĂŚĂƐƚƵƐ
� ^ŽƚƐŝĂĂůƐĞĚ�ƉƌŽũĞŬƚŝĚ

dĞŚŶŽůŽŽŐŝůŝŶĞ�ŝŶŶŽǀĂƚƐŝŽŽŶ�ũĂ�ćƌŝŵƵĚĞůŝ�ŝŶŶŽǀĂƚƐŝŽŽŶ



dĞŚŶŽůŽŽŐŝůŝŶĞ�ŝŶŶŽǀĂƚƐŝŽŽŶ



	ƌŝŵƵĚĞůŝƚĞ�ŝŶŶŽǀĂƚƐŝŽŽŶ



3lLNHVHDNQDG



3lLNHVHDNQDG�Y}LYDG�WXOHYLNV�WHRUHHWLOLVH
NDWWD�SHD�NRJX�KRRQHWHV�YDMDWDY

HOHNWULHQHUJ

+HWNHO�RQ�WHKQRORRJLD�YHHO�YlKHHIHNWLLYQH�±
N}LJHVW�FD�����NDVXWHJXULJD�Y}UUHOGHV�
WDYDSDQHHOLGH��������NDVXWHJXULJD��NXLG�
SRWHQWVLDDO�RQ�M}XGD�NULVWDOOUlQL�SDQHHOLGHJD�
Y}UUHOGDYD�NDVXWHJXUL�MD�KLQQDQL��



/ƐĞƚĂƐƵǀĂĚ�;ŬĞƌŐůŝŝŬůƵƐͿƚĞĞĚ
^ŽůĂƌŽĂĚ�ŬĞƌŐůŝŝŬůƵƐƚĞĞ�WͲ,ŽůůĂŶĚŝƐ�ϮϬϭϰ
Ͳ WŝŬŬƵƐ�ϳϬŵ
Ͳ �ŚŝƚĂũĂŬƐ�,ŽůůĂŶĚŝ�ĞƚƚĞǀƁƚĞ�^ŽůĂƌŽĂĚ
Ͳ WŽŽů�ƚĂǀĂůŝƐĞ�ďĞƚŽŽŶŬĂƚƚĞŐĂ�ũĂ�ƉŽŽů�WsͲŬĂƚƚĞŐĂ
Ͳ ϭ͘�ĂĂƐƚĂ�ƚŽŽĚĂŶŐ�>KK��d/�ůŝŐŝ�ϭϬ�ϬϬϬ�ŬtŚ͕�ŬĂƚĂď�ϯ�ŬĞƐŬŵŝƐĞ�,ŽůůĂŶĚŝ�

ŵĂũĂƉŝĚĂŵŝƐĞ�ĂĂƐƚĂƐĞ�ĞůĞŬƚƌŝƚĂƌďĞ͕�d�'�>/<�ϯϬϬϬ�ŬtŚͬĂ
Ͳ dƵůĞǀŝŬƵƐ�ĞŶŶƵƐƚĂƚĂŬƐĞ�ƐĞůůŝƐƚĞ�ƚĞĞĚĞ�ƚĂƐƵǀƵƐĂũĂŬƐ�ϭϱ�ĂĂƐƚĂƚ

t�ddt�z�ƐƁŝĚƵƚĞĞ�WƌĂŶƚƐƵƐŵĂĂů�ϮϬϭϲ
Ͳ WŝŬŬƵƐ�ϭŬŵ͕�ƉĂŶĞĞůŝĚĞ�ƉŝŶĚ�ϮϴϬϬŵϮ
Ͳ EŽƌŵĂŶĚŝĂƐ�dŽƵƌŽƵǀƌĞ�ĂƵ�WĞƌĐŚĞ�ŶŝŵĞůŝƐĞƐ�ŬƺůĂŬĞƐĞƐ
Ͳ �ŚŝƚĂũĂŬƐ�WƌĂŶƚƐƵƐĞͲh<�ĞƚƚĞǀƁƚĞ��ŽůĂƐ
Ͳ �ůĞŬƚƌŝƚ�ŬĂƐƵƚĂƚĂŬƐĞ�ŬƺůĂŬĞƐĞ�ƚćŶĂǀĂǀĂůŐƵƐƚƵƐĞ�ƚĂƌǀŝƐ
Ͳ DĂŬƐƵŵƵƐ�ϱD�Φ
Ͳ WƌŽŐŶŽŽƐŝƚĂǀ�ƚŽŽĚĂŶŐ�ϰϮϬ�DtŚ�ĂĂƐƚĂƐ�;ĐĂ͘�ϭϰϬ�ŵĂũĂƉŝĚĂŵŝƐĞ�ĂĂƐƚĂŶĞ�

ĞůĞŬƚƌŝǀĂũĂĚƵƐͿ
Ͳ �ĞƐŵćƌŬ�ϭŬŵ�ŝŐĂ�ϭϬϬϬŬŵ�ƚĞĞ�ŬŽŚƚĂ�ƉćŝŬĞƐĞƚĞĞ



<ŽĚƵŵĂũĂƉŝĚĂŵŝƐĞ�ƚĂƌďŝŵŝŶĞ�ũĂ�Ws



<ĞƐ�ŬƵŝĚĂƐ�ũĂ�ŵŝůůĂů�ĞůĞŬƚƌŝƚ�ƚĂƌďŝď͍

�ƌŝŶĞǀĂƚĞ�ƚĂƌďŝũĂƚĞ�ƂƂƉćĞǀĂŶĞ�ƐƵǀŝŶĞ�ũĂ�ƚĂůǀŝŶĞ�ĞůĞŬƚƌŝƚĂƌďŝŵŝƐĞ�ŵƵƐƚĞƌ�ũĂ�
ƉćŝŬĞƐĞĞůĞŬƚƌŝũĂĂŵĂ�ƚŽŽĚĂŶŐ

ŵĂũĂƉŝĚĂŵŝŶĞ ƉĂŐĂƌŝƚƂƂŬŽĚĂ ďƺƌŽŽŚŽŽŶĞ ƐƵƉĞƌŵĂƌŬĞƚ

ƚĂůǀ ƐƵǀŝ

ǀƁ
ŝŵ

ƐƵ
Ɛ



<ĂĂŵĞů�ũĂ�ƉĂƌƚ





3lLNH�MD�VDOYHVWXV�NlLYDG�NRNNX�QDJX�Y}L�MD�OHLE��QDJX�VXYL�MD�UDQG��VXNN�MD�VDDEDV���
.XOXHIHNWLLYQH�VDOYHVWXV�ODKHQGDE�SlLNHVHHQHUJLD�NDVXWDPLVH�IXQGDPHQWDDOVH�SUREOHHPL�± WRRWPLVH�MD�WDUELPLVH�
HULQHYD�WV�NOL� 6DOYHVWXVH�DELO�}QQHVWXE�SlHYD�WRRWPLQH�QLKXWDGD�NDWPD�WDUELPLVWLSSH�}KWXO�MD�KRPPLNXO�


